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Abstractxs

Background: Both the natural history of HIV infection and the response to antiretroviral
therapy are heterogeneous. Polymorphisms in chemokine receptor genes modulate the natural
history of HIV-1 infection. In comparison with subjects with other genotypes, the prognosis for
HIV-1-infected CCR5-[DELTA]32 heterozygotes is more favorable and that for CCRS promoter
allele 590294 homozygotes is less favorable.

Methods: HIV-1-infected adults with a CD4+ lymphocyte count >= 200 cells x 10¢/1 and a
plasma HIV RNA level >= 1000 copies/ml were treated with indinavir, zidovudine and
lamivudine for 6 months. HIV RNA levels were measured at 4-week intervals. Genotyping for
chemokine receptor gene polymorphisms (CCRS-/DELTA]32, CCR5 590294/G, CCR2-641) was
performed. We examined whether the time to first HIV RNA < 200 copies/ml, frequency of viral
suppression failure (HIV RNA >= 200 copies/m! between weeks 16 and 28 of therapy), or
reduction from the pre-treatment HIV RNA level differed by genotype.

Results: Time to first HIV RNA < 200 copies/ml was not predicted by genotype. Among 272 |
Caucasian patients, viral suppression failure was more common among patients with the CCRS
+/+ | CCR2+/+ | CCR5-59029 A/A genotype (28%) than among all other subjects combined
(relative risk, 2.0;P = 0.06). After 24 weeks of therapy, genotype groups differed in the reduction
of the HIV RNA level from baseline (P = 0.02); patients with the CCRS +/+ | CCR2+/+ | CCR5-
59029 A/A genotype had a mean reduction of 2.12 log,, copies/ml compared to 2.64 log,,

copies/ml among all other groups combined.

Conclusion: Polymorphisms in chemokine receptor genes may explain some of the

heterogeneity in sustaining viral suppression observed among patients receiving potent
antiretroviral therapy.

Introduction

CC-chemokine receptor 5 (CCRS5) is the major coreceptor for macrophage-tropic HIV-1 |
strains. Homozygosity for a 32 base pair deletion (/DELTA]32) of the CCR5 gene provides
strong relative protection against HIV-1 infection [1-5], and HIV-1-infected CCRS-/DELTA]32
heterozygotes have a more favorable natural history than do people with two wild type alleles
[3.4,6]. The CCR5-[DELTA] 32 allele is much more common in Caucasians than in other racial
groups. |

Variants of other chemokine receptor genes also may alter the course of HIV-1 infection. ‘
Heterozygosity or homozygosity for the CCR2-641 allele of the minor HIV coreceptor CCR2b
has been associated with better prognosis [6.7]; and homozygosity for CCR5 promoter alleles [
59029 A[8] and PI[9] has been associated with worse prognosis. The 59029 4 and P! alleles |

http://gateway1.ovid.com/ovidweb.cgi 4/14/2003




Ovid: O Brien: AIDS, Volume 14(7).May 5, 2000.821-826 Page 3 of 9

appear to define the same haplotype [10]. Homozygosity for the SDF-1 3'4 allele of the gene
which codes for SDF-1 (the chemokine ligand of CXCR4) also has been associated with better
prognosis [11], but those data are less consistent [10,12]. The mechanisms by which genetic
polymorphisms alter HIV-1 disease progression is not completely known, but the CCR3-
[DELTA]32 and CCR2-64I alleles are associated with lower levels of viremia during early
chronic HIV-1 infection [6], which is a strong determinant of prognosis [13,14].

As genetic markers predict the natural history of HIV-1 infection and the response to
antiretroviral therapy is heterogeneous, it is possible that treatment response is genetically }
determined. We, therefore, hypothesized that patients with the CCRS-/DELTA]32 and CCR2-641 |
alleles would have a better response to potent antiretroviral therapy and patients with the CCRS |
59029 A/ A genotype who lacked a protective allele would have a less favorable response. We
examined these hypotheses among subjects who received a uniform regimen of antiretroviral
therapy in the AIDS Clinical Trial Group 343 Study (ACTG 343) [15]. |

Methods
Subjects

The ACTG 343 study was designed to determine if patients with low viral levels after a 6-
month induction with triple-drug combination therapy could maintain viral suppression with
lesser therapy [15). Enrollment in the ACTG 343 Study was limited to HIV-1-infected adults with
a CD4+ lymphocyte count >= 200 cells x 10¢1 and a plasma HIV RNA level >= 1000 copies/ml.
Patients were ineligible if they had received HIV protease-inhibitor therapy for more than 2
weeks; received lamivudine or abacavir therapy at any time; or had known intolerance of
zidovudine. All enrollees gave written informed consent. In the induction phase, subjects
received open-label treatment with indinavir (Crixivan; Merck, West Point, Pennsylvania, USA;
800 mg every 8 h), lamivudine (Epivir; Glaxo Wellcome, Research Triangle Park, North
Carolina, USA; 150 mg twice daily), and zidovudine (Retrovir; Glaxo Wellcome; 300 mg twice
daily). For subjects who had adverse reactions to zidovudine during the study, a reduction in the |
dose to 100 mg three times daily was allowed. Zidovudine-intolerant subjects were permitted to !
substitute stavudine (Zerit; Bristol-Myers Squibb, Princeton, New J ersey, USA; 40 mg twice }
daily) for zidovudine. Subjects who could not tolerate full-dose stavudine, lamivudine, or
indinavir were withdrawn from the trial. Assessment of drug toxicity, routine laboratory
monitoring, and determination of T-lymphocyte subtypes by flow cytometry were performed at
intervals of 4 to 8 weeks throughout the study. Plasma for HIV RNA determination was obtained
every 4 weeks, stored at -70°C, and assayed after 24 weeks of induction therapy.

Subjects whose HIV RNA level remained < 200 copies/ml after completion of induction were
randomized to one of three maintenance regimens (indinavir, zidovudine and lamivudine;
zidovudine and lamivudine; indinavir alone). Because a review showed significant differences in |
suppression of HIV RNA among the three maintenance therapies, the study was terminated in its |
original form 5 months after the first subject enrolled into the maintenance phase. The analysis in
this report is limited to data obtained during the induction period of the trial.

Laboratory measurements s

Levels of HIV RNA were measured at the Johns Hopkins Medical Laboratory with the ultra- :
sensitive version of the Roche Amplicor HIV Assay (Roche Molecular Systems, Alameda, i
California, USA). A pre-treatment plasma sample was later analyzed for viral mutations
conferring resistance to zidovudine and lamivudine by the line-probe reverse-transcriptase assay

http://gateway1.ovid.com/ovidweb.cgi 4/14/2003




Ovid: O Brien: AIDS, Volume 14(7).May 5, 2000.821-826 Page 4 of 9

[16].

A commercial kit (QIAamp DNA Blood Kit; QIAGEN Inc., Valencia, California, USA) was
used to extract DNA from archived peripheral blood lymphocytes. Genotype for the CCR3-
[DELTA]32 and SDF-1 3'A alleles was determined by polymerase chain reaction amplification
of DNA followed by polyacrylamide gel analysis for CCRS-/DELTA]32 or restriction fragment
length polymorphism (RFLP) analysis for SDF-1 3'A. CCR2-641 genotype was determined bya
rapid single step allelic discrimination assay utilizing the ABI Prism 7700 Sequence Detector. |
(Chiuchin Yuan, manuscript submitted) CCR5-59029 genotype was determined by RFLP
analysis as previously described [8]. For a few subjects, genotype for one or more alleles could ?
not be determined due to an inadequate specimen.

Data analysis s |

The rate of early viral clearance was determined by constructing a Kaplan—Meier plot [17] of |
the time from the initiation of triple therapy to that of the first HIV RNA level < 200 copies/ml.
A separate Kaplan-Meier analysis used the first HIV RNA level < 50 copies/ml as the endpoint. ’
The log-rank test was utilized to calculate the overall P-value [17]. Differences in HIV RNA
levels among the genotypes at different time points were evaluated by analysis of variance
performed in Advanced SPSS (SPSS Inc, Chicago, Illinois, USA). HIV RNA data for week 28 is |
not presented because those data are affected by selection bias — the only patients who had a f
week 28 measurement were those who met the ACTG 343 suppression criteria based on all HIV
RNA measurements through week 24. [

We examined the failure to suppress viral replication during the induction (triple therapy)
phase of the study, as this part of ACTG 343 closely simulates the current standard for 5
antiretroviral therapy. Patients with any HIV RNA level measurement >= 200 copies/ml during
weeks 16 to 28 of the induction phase were considered treatment failures [15]. Because the &
frequency of the CCR5-[DELTA]32 allele varies markedly by race, we restricted the primary
analysis to white, non-Hispanic subjects. Analyses were also performed in which we controlled
for race, CD4+ lymphocyte count, HIV RNA level, and zidovudine resistance in multivariate
logistic regression models [18]. Zidovudine resistance was defined as a mutation at codon 215 (or
codon 41 if viral genotype for codon 215 was unavailable for technical reasons) in a pre-
treatment plasma sample.

Results =
Subjects

We obtained complete genotype information for 504 of the 509 subjects who enrolled in '
ACTG 343, including 307 of the 309 white, non-Hispanic subjects who were the primary focus
of our analysis. These 307 subjects were predominately male (88%), with a median age of 37 ‘
years. Fifty-six percent had previously been treated with zidovudine. The median CD4+
lymphocyte count was 445 cells x 10¢/1 and the median HIV RNA level was 4.09 log,, copies/ml. |
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Allele frequencies and linkage disequilibrium =

Allele frequencies among the white non-Hispanic subjects were consistent with previous
reports (CCR5-[DELTA]32, 12.7%;CCR2-641, 9.1%;CCRS5 59029-4, 55.2%). As expected, there
were strong linkage disequilibria between the CCRS-/DELTA]32, CCR2-641I, and CCR5-59029-
A4 alleles (data not shown). Patients with the CCR5-/DELTA]32 allele were less likely to also
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|
have the CCR2-641 allele and vice versa. Those with the CCR5 59029-A allele were more i
likely to have the CCR5-[DELTA]32 allele and the CCR2-641 allele.

Time to initial viral suppressionsi

HIV RNA levels from blood specimens collected before the initiation of triple therapy
(baseline HIV RNA) did not differ significantly by genotype (Table 1). We found no evidence that
host genotype predicted the time from the initiation of triple therapy to the first HIV RNA level
<200 copies/ml (P = 0.69, log-rank test) or to the first HIV RNA level < 50 copies/m] (P = 0.45,
log-rank test; Kaplan-Meier plots not presented). Consistent with these findings, HIV RNA
levels at weeks 4 to 12 did not vary significantly by genotype (data not presented) and genotype
failed to predict the changes in HIV RNA levels that occurred between baseline and these early

time-points. The data on the HIV RNA difference between baseline and week 8 are presented in |
Table 1.

Table 1. The proportion of patients who failed to maintain suppression of the HIV RNA level below 200 copies/m! during weeks
16~28 of treatment with potent antiretroviral therapy, mean baseline HIV RNA (log,, copies/ml), and mean difference from

baseline HIV RNA, by host genotype. SE, standard error of the mean; *P = 0.02, analysis of variance.

Table 1. The geognrtion of patients who failed 1o smalatiin wppession of the HIV RNA Tevel bulow 300 copiesim] dharing weeks 1628 ol
treatrment with potent antiretrovical thicagy, mean Baseling HIV BNA doga copiesiot, and mwan difference fom Taseling 19V BNA, by bt |
Mear difference (rom basedioe HIV RNA 81
Corrsstyper Fatlure tate Mean baseline
LCREALL CLR2 B4t LRSS0 %% HIV RNA 56 Week 8 Week 1 Wk 24*
shef e fri AIA IR EX R RS wd2OHLTH -2 4004 wed 42 #1268
s o e A $20000 % 443006 wd A2 106 w SO AL « 2,71
o e e L0 8504146 A5 v w22 0% wd A4 W1 SRRV f
AR o A A 2411 386 00% w3 (0 0% 251 RS R 18] |
o ind Gkl s AA or NG 7S 41330 «2 3T 4 FAG AT S NEE AT E
Gt i
% ¥ wfud Ay 25440 3.7950.5% -1 844020 - LI 0.A4% - 420 L34 E
Tustal AMITL 40310048 ~ M - 2ARGGN e B ARE LG |
t
SE, stasdaed veror of the mean * £ 002, anabysis of variance. '

Suppression failures si

We examined viral suppression failure (HIV RNA level >= 200 copies/ml at any time during
weeks 16-28 of therapy) among the 272 white, non-Hispanic patients who had not withdrawn
from the study before week 16 (Table 1). Patients with the CCRS +/+ | CCR2+/+ | CCR5-59029
A/A genotype were 2.5-fold more likely to be suppression failures than CCRS-[DELTA]32
heterozygotes (excluding five subjects who were heterozygous for both CCR5-/DELTA]32 and
CCR2-641;P = 0.06) and two-fold more likely to be suppression failures than all other subjects
combined (P = 0.06). When the five subjects who were heterozygous for both CCRS-/DELTA]32 |
and CCR2-641 were included with the other CCR5-/DELTA]32 heterozygotes, the CCRS +/+ |
CCR2+/+ | CCR3-59029 A/A subjects were 2.1-fold more likely to have failed suppression of
HIV-1 compared to CCR5 +/[DELTA]32 subjects (P = 0.10). Similar findings resulted when the
35 subjects who withdrew before week 16 were classified as suppression failures or when we
assumed that the suppression failure rate in these 35 subjects was the same as that of patients
who did not withdraw (data not shown).

The genotypic differences in viral suppression were not explained by differences in CD4+
lymphocyte or HIV RNA measurements at study entry. In a multivariate logistic regression
model, the strength of the effect was similar when these variables were considered (adjusted
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odds ratio for CCRS +/+| CCR2+/+ | CCR5-59029 A/A compared to CCRS-[DELTA]32
heterozygotes, 2.5;P = 0.10). We observed consistent genotypic differences for viral suppression

when we included baseline zidovudine resistance in the model (adjusted odds ratio, 3.4;P =
0.06).

There were 107 black non-Hispanic subjects, 48 Hispanic subjects and 14 subjects of another
or unknown race who had not withdrawn by week 16. Among these subjects, suppression failure
occurred in three of seven (42%) of those with +/+, +/+, A/A genotype compared to 54 of 162
(33%) of patients with other genotypes. Similar overall genotypic differences for viral
suppression were observed when data from subjects of all races were included in an analysis that
adjusted for race (adjusted odds ratio, 2.5;P = 0.08). )

As another measure of viral suppression failure, we compared the HIV RNA level
measurements at weeks 16, 20 and 24 with those obtained at baseline among the white, non-
Hispanic patients. There were no significant differences at weeks 16 or 20, but patients with the
CCR5 +/+ | CCR2+/+ | CCR5-59029 A/A genotype generally had the poorest response to
therapy. The genotype groups differed significantly amongst themselves in the change in RNA at
week 24 compared to baseline (Fig. 1, P = 0.02, one-way analysis of variance considering all ,
possible haplotypes); patients with the CCR5 +/+ | CCR2+/+ | CCR5-59029 A/A genotype had |
a mean reduction from baseline of 2.12 log,, copies/ml compared with 2.64 log,, copies/ml
among all other groups combined. i

2.5

{log copies/mi)

Reduction in HIV-1 RNA

0.5 J

whiwtiAvA wtiwtiA/G wiiwtiG/G Deltad2 641

Host genotype
Fig. 1. Reduction in HIV RNA level after 24 weeks of potent antiretroviral therapy, by host genotype. X-axis labels refer to the (
CCR5-[DELTA]32, CCR2-641 and CCRS5-59029 polymorphisms, respectively (wt, homozygous wildtype; delta 32, heterozygous |
for the CCRI-[DELTA]32 allele regardless of CCR5-59029 genotype; 641, heterozygous or homozygous for the CCR2-641 allele
regardless of CCR5-59029 genotype). Data from five subjects who were heterozygous for both the CCRS5-/DELTA]32 allele and ‘
the CCR2-641 allele are included with both the delta32 and the 641 groups. |

SDF-1 polymorphism 1

In contrast to CCRS polymorphisms, homozygosity for the SDF-1 3'4 polymorphism was not
associated with differences in therapeutic response. Comparing the homozygotes to the other ?
subjects, initial viral suppression did not differ by genotype (data not presented). Among white,
non-Hispanic subjects, the viral suppression failure frequency was slightly higher among
homozygotes (five of 17; 29%) compared with other subjects (73 of 290; 25%). Similar results %
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were obtained when members of all racial groups were considered (data not presented).

Discussion

In this study of HIV-1-infected adults who were treated with indinavir, zidovudine and
lamivudine, patients with the CCR5 +/+ | CCR2+/+ | CCR5-59029 A/A genotype were less ]
likely to sustain viral suppression for 6 months than were patients with other genotypes. A
second measure of treatment failure yielded a similar result — after 24 weeks of treatment,
subjects with the CCR5 +/+ | CCR2+/+ | CCR5-59029 A/A genotype had the least reduction in
the plasma HIV RNA level in comparison with the baseline value. These results are consistent
with recent epidemiological studies of host genotype and HIV disease progression [8,9]. Our
findings suggest that polymorphisms in the CCR5 gene may explain some of the heterogeneity in s
viral suppression that has been observed among patients receiving potent antiretroviral therapy.
Our study could not examine possible mechanisms for this effect, but these results could reflect
genetically determined differences in expression of the major HIV-1 coreceptor CCRS. Previous
studies suggest that such differences may underlie at least some of the observed variability in the
natural history of HIV-1 infection [8,19,20].

Little evidence that host genotype affects the rate of early viral clearance was found, but that
analysis was limited because HIV RNA levels were measured every 4 weeks in the ACTG 343 :
study. Monthly measurements may have been inadequate to detect genotypic differences in early ’
viral clearance, most of which occurs within the first 2 weeks of potent antiretroviral therapy [21]. !
Alternatively, host genotype may have little effect on initial viral clearance, but may be
important in maintaining suppression once low levels of replication are achieved.

Although modest genotypic differences in HIV RNA levels measured during early chronic
infection have been reported in other studies [6], we found no statistically significant differences ;
in baseline HIV RNA values among subjects with different genotypes. However, our study was
not well situated to examine this question because ACTG 343 subjects were at an intermediate '
stage of infection at enrollment and many had received previous antiretroviral therapy. We were :
also limited in our ability to determine whether the genotypic effects we observed among white, |
non-Hispanic subjects were present in subjects of other racial/ethnic groups, because fewer »
subjects from these groups were enrolled in the ACTG 343 study. i

The main difference in therapeutic response we observed was between the genotype we
predicted to be least favorable on the basis of previous studies (CCRS +/+ | CCR2+/+ | CCRS-
59029 A/A) and other genotypes. In an analysis that did not consider the CCR5-59029 allele, _
Valdez et al. recently reported that HIV-1-infected CCRS5-/DELTA]32 heterozygotes had a more ]
favorable prognosis than did patients who were wild type at that locus [22). CCR5-[DELTA]32
heterozygotes tended to have low rates of virologic failure in our study as well, but the finding
was not statistically significant. Different study designs and definitions of virologic success may
account for the somewhat different findings in these two studies. It should also be noted that our
study had relatively low statistical power to detect modest differences among genotypes. A larger

study may be needed to fully evaluate the relationship between host genotype and therapeutic
response to antiretroviral treatment.

We found no evidence that patients who are homozygous for the SDF-1 34 allele had a more
favorable therapeutic response. However, if the SDF-1 34 allele acts late in the course of
infection through interaction with the CXCR4 HIV-1 receptor [11], that polymorphism would be
unlikely to affect viral suppression in patients with relatively high CD4+ lymphocyte counts such
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as the ACTG 343 study population. We did not examine some other genetic polymorphisms
that have been associated with differences in HIV natural history, such as additional CCR5
promoter polymorphisms [10] or HLA haplotype [23]. Incorporation of additional genetic markers l
into the analysis will require a study with a larger sample size. ‘

Factors shown to influence the likelihood of viral suppression in previous studies include
baseline HIV RNA level, baseline CD4+ lymphocyte count, and adherence to therapy [24]. Our
results suggest that host genotype may also alter therapeutic response to antiretroviral regimens.
If validated, these findings could mark an initial step in the integration of host genetic
information into the treatment of viral infections.

Acknowledgements

We thank Dianne Wang, Chiuchin Yuan and David Waters for performing genotyping, the

ACTG 343 protocol team and investigators for their contributions to the study, and the patients
for their participation.

References

1. Samson M, Libert F, Doranz BJ. et al. Resistance to HIV-1 infection in Caucasian individuals bearing mutant

alleles of the CCR-5 chemokine receptor gene. Nature 1996, 382: 722 —725. [Medline Link] [BIOSIS Previews Link] {Context
Link

2. Liu R, Paxton WA, Choe S. et al. Homozygous defect in HIV-1 coreceptor accounts for resistance of some
multiply-exposed individuals to HIV-1 infection. Cell 1996, 86: 367 —377. [Medline Link] [Context Link]

3. Dean M, Carrington M, Winkler C. et al. Genetic restriction of HIV-1 infection by a deletion allele of the CKR5
structural gene. Science 1996, 273: 1856 —1862. [Medline Link] [BIOSIS Previews Link] [Context Link]

4. Zimmerman PA, Buckler-White A, Alkhatib G. et al. Inherited resistance to HIV-1 conferred by an inactivating
mutation in CC chemokine receptor 5: studies in populations with contrasting clinical phenotypes, defined racial l
background, and quantified risk. Mol Med 1997, 3: 23 —36. [Medline Link] [BIOSIS Previews Link] [Context Link]

5. O'Brien TR, Winkler C, Dean M. et al. HIV-1 infection in 2 man homozygous for CCRS5 delta 32 [letter]. Lancet
1997, 349: 41219. 41219. [Context Link]

6. Ioannidis JP, O'Brien TR, Rosenberg PS, Contopoulos-loannidis DG, Goedert JJ. Genetic effects on HIV disease
progression [letter]. Nat Med 1998, 4: 536. 536. [Medline Link] [Context Link]

|

7. Smith MW, Dean M, Carrington M. et al. Contrasting genetic influence of CCR2 and CCRS variants on HIV-1 :
infection and disease progression. Science 1997, 277: 959 —965. [Medline Link] {BIOSIS Previews Link] [Context Link] |
|

|

8. McDermott DH, Zimmerman PA, Guignard F. et al. CCRS promoter polymorphism and HIV-1 disease

9. Martin MP, Dean M, Smith MW. et al. Genetic acceleration of AIDS progression by a promoter variant of CCRS.
Science 1998, 282: 1907 —1911. [Medline Link] [Context Link]

10. Mummidi S, Ahuja SS, Gonzalez E. et al. Genealogy of the CCRS locus and chemokine system gene variants
associated with altered rate of HIV-1 disease progression. Nat Med 1998, 4: 786 —793. [Medline Link] [Context Link)

11. Winkler C, Modi W, Smith MW. et al. Genetic restriction of AIDS pathogenesis by an SDF-1 chemokine gene ;
variant. Science 1998, 279: 389 ~393. [Medline Link] [BIOSIS Previews Link] [Context Link E

12. Meyer L, Magierowska H, Hubert J-B. et al. CC-chemokine receptor variants,SDF-Ipolymorphism, and disease

http://gateway1.ovid.com/ovidweb.cgi 4/14/2003

|
|
|
t
j
|
|
|
!
|
i




Ovid: O Brien: AIDS, Volume 14(7).May 5, 2000.821-826 Page 9 of 9

progression in 720 HIV-infected patients. AIDS 1999, 13: 624 —625. [Fulltext Link] [Mediine Link] [BIOSIS Previews Link]
[Context Link} !

13. O'Brien TR, Blattner WA, Waters D. et al. Serum HIV-1 RNA levels and time to development of AIDS in the
Multicenter Hemophilia Cohort Study. JAMA 1996, 276: 105 —110. [Medline Link] {Context Link]

14. Mellors JW, Rinaldo CR Jr, Gupta P, White RM, Todd JA, Kingsley LA. Prognosis in HIV-1 infection predicted
by quantity of virus in plasma. Science 1996, 272: 1167 —1170. [Medline Link] [BIOSIS Previews Link] [Context Link]

15. Havlir DV, Marschner IC, Hirsch MS. et al. Maintenance antiretroviral therapies in HIV-infected subjects with
undetectable plasma HIV RNA after triple-drug therapy. N Engl J Med 1998, 339: 1261 —8. [Medline Link] [CINAHL
Link] [BIOSIS Previews Link] [Context Link]

16. Stuyver L, Wyseur A, Rombout A. et al. Line probe assay for rapid detection of drug-selected mutations in the
human immunodeficiency virus type 1 reverse transcriptase. Antimicrob Agents Chemother 1997, 41: 284 -291.
[Medline Link] [BIOSIS Previews Link] [Context Link

17. Kalbfleisch J, Prentice RL. The Statistical Analysis of Failure Time Data. New York: Wiley; 1980. [Context Link]
18. Hosmer DW, Lemeshow S. Applied Logistic Regression. New York: John Wiley; 1989. [Context Link] !

19. Wu L, Paxton WA, Kassam N. et al. CCR5 levels and expression pattern correlate with infectability by
macrophage-tropic HIV-1, in vitro. J. Exp. Med. 1997, 185: 1681 ~1691. [Medline Link] [Context Link]

20. de Roda Husman AM, Blaak H, Brouwer M, Schuitemaker H. CC chemokine receptor 5 cell-surface expression in
relation to CC chemokine receptor 5 genotype and the clinical course of HIV-1 infection. J Immunol 1999, 163: ’
4597 —4603. [Medline Link] {Context Link] i

21. Ho DD, Neuman AU, Perelson AS, Chen W, Leonard JM, Markowitz M. Rapid turnover of plasma virions and
CD4 lymphocytes in HIV-1 infection. Nature 1995, 373: 123 ~126. [Mediine Link] |[Context Link]

22. Valdez H, Purvis SF, Lederman MM, Fillingame M, Zimmerman PA. Association of theCCRS [DELTA]

{
32mutation with improved response to anitretroviral therapy [letter]. JAMA 1999, 282: 734. 734. [Medline Link] E
[Context Link] i

|

23. Carrington M, Nelson GW, Martin MP. et al. HLA and HIV-1: heterozygote advantage and B*35-Cw*04
disadvantage. Science 1999, 283 (5408): 1748 —1752. [Medline Link] [BIOSIS Previews Link] [Context Link]

24. Lucas GM, Chaisson RE, Moore RD. Highly active antiretroviral therapy in a large urban clinic: risk factors for

virologic failure and adverse drug reactions. Ann Intern Med 1999, 131: 81 —87. [Medline Link] [BIOSIS Previews Link] Q

Keywords: AIDS; antiretroviral therapy; CC-chemokine receptor 5; genotype; HIV; HIV
RNA; protease inhibitors; treatment response

Accession Number: 00002030-200005050-00008

Copyright (c) 2000-2003 Ovid Technologies, Inc.

Version: rel6.0.0, SourceID 1.7240.1.49 :
I
E

{
i
|
¥
!
i
{
|
|
i
|
|

http://gateway1.ovid.com/ovidweb.cgi 4/14/2003




